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^ o. ^| ^ ^-oi*n (Carrier Suppressed - Return-to-Zero, CS-RZ) ^3^1 
^1 ^tr ^^S, 7}^^ CS-RZ {I! ^«fl ^MS^ ^ -g-{V ¥ 7flS] 5i] 

j=l ^ S 7l# A>^o. S o]*V aj-g- ^ 7 >^ ^-5}-^^ ^-g- £<Lv], o]z]i£ sl 

3 ^* ^tr ^r-£(B)^ HHEi<4 ^ tiV( B /2)o11 Sfl^SRr *}* # 

^(Half Clock) {lit- ^(mixing)*H ^ ^ ^ (modulator input )°-S *H 
(Mixer); 51a^«-e^ ^1^-sl i£S d] ol E-) 1- tfl^iLS. ^B]^3r>^ HfljEi s]p]^ 

(band-limiting)Al7l^ LPF; ^sfl , LPF1- **fl 3*1 U^l 

c*| ^^7]al ^ ^ 5E<?lH(null point HI -2-^ t>r°Hi ^og-^. o]^ 

*V ^ 43-^1 CS-RZ {lit >lH^Rr 5>1^- ^2:711- ^uRVcf. a)-eM , 7l^£) 

CS-RZ {11 ^ ^slfe ^tr ^4 ¥ 7fl ^ ^ ^^711- A>-g-^o.5. 

ol^H «1 -8- ^ o!^ ^7> 

£ 2 



16-3 



1020030017023 %^ ^^>: 2004/3/15 

^-a]^ {APPARATUS FOR GENERATING OPTICAL CARRIER SUPPRESSED 

RETURN-TO-ZERO} 

£ l£r 71^ *Hl^-<^3] (CS-RZ) ^IJE. 1HJ# S\*V ^•^£o] i) 
S. 2^r ^ofl 14s. CS-RZ #^1JL ^^§r ^ ^ tfltt ^H 1 ^, 

Al*l SL^H, 

£ 4^ £ 2<H] ^*fl CS-RZ # i^]H^32f o>ol cfol^^.^^- 

5L 5^r t^l ^ CS-RZ ^Ji£) -g-A> jla^ #Aljr. a-^]b^ 

^ cfl^^ofl cfl*}- s.o^ aj^ ^4 

£ 6£- ^-^o]] tcf^ cflo^ofl ccfs. CS-RZ ^IJl^ 3e]1^bI (power 

penalty)^ <>}oj ^-o]<^zi^<Hl ^tt 5.$) a}i§ ^ 

10 : 12H 20 : LPF 

30 : ^-g- ^^-71 40 : ^ ^2:7] 
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^1^1^-^^ (Carrier Suppressed - Return-to-Zero, CS-RZ) iHS^l 
*H 44^ 4^ ^7)Q &7}2\ (mixer) ^ ^tfl^ ^&|(Low Pass Filter, 

LPF)« °l-§-*H CS-RZ ^S^Rr ^H^-g- %^7]i ^^Ml £144 , CS-RZ 

7> £JL il^ 4tr ^H34 ^ 7fl4 4^ ^S7ll- Aj-g-^-o.^ ol^V Hj-g- ^7}£] 

#44^ ^JE^r *Kr ^rtr 3W4. 

H^S, % g ^fl-g-^ 4^f3*IH Jl^£)^r 3^JL^ Cfl-g-^ % 

^ A]^Bfloj 7fl ^-o. ^--g-^d ol^ 10 Gbit/s 7 la}o] Aj^Efl^. 7lti>o.S. 60 

nm 9\ 4^- cfl^^ g-fe. W ^ 7l## ol-g-^H 7.5 Thz£] ^ ^ ^cf. 

^^l^, WM2) *fl\i# 3S.iSaL( crosstalk)!- Jl^tb 4^-(guard) 4^ v 
4^ 4^ ^.S. 4^£r #^tr 60 nm^l 4*o V ^\^^ 14 44^1 44 ^ 

# l^l^i ^JL4^2] 7>^£^- 4^ wj-^VA^ ^- 40Gbit/s 4* 71^ ^iLS 

44. 

^, 4 4^ ^-S.7} 10 Gbit/s<HH 40 Gbit/sS ^-7\t>\t\] ^3.^ 

4 ^IJl fifl^ j3.^£H*j:^ OSNR^ ^7>, ^£-4, Jfi^- ^V, nsjji Jl4<^1 

10 Gbit/s °fl4 14 4tifl ^7>47fl €4. 
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<w> o)^ t 10 Gbit/s ^J^tf 16«fl ^7>*H ^-rfl^ WDM ^^Hfe S.-E- sfl^g 

sfl^E 4^1- ?]^7fl sq<H oi-i- i±av^ 71 ^ -.^ ^.slel «.a> 

<15> ol«4 ^-ol, Aljr £fl^o} ^ 7 >^ Al^oflA^ ^ 7^* *f|#*H, 7]^ 

<ie> ^ ( ^^(Non Return to Zero, NRZ) ^IJ: ^71^1 *\]^*] 

#<H 4 s 40 Gbit/s ^Htt S.H. ZL^JL til^^ 

^Itb ^131 2)1^1 #)^*H ^(Return to Zero, RZ) ^ ^ds*>Jl 91^ ^ 

<i?> ol^*V, RZ ^JJl «o v ^^r ^7H1^^ #;£( receivei . sen si t i vi ty)7> , 

*\3L2) ^#^1 #^£L * 0 MH Wl^ ^^Hl cfl^V *}Jl <2fl^-°l ^o. ^jt. 

^n> i ^^o) y*o] ^^o\] ^ot^ 014. 

<is> oHl, CS-RZ «o v ^^r °l-§-SH ^1JL2] ^sn^sj tfl^-g. #0^^ ^js.^ 7])^! 

71 71 ^ l^^ol ^.JlSlJl ol ^ Aj-g^ o_ ^0.0] ^AVofl 7j-^ 

^-71 el 7>^^>^, 71^51 RZ #A]Jr rfl^^ol ^0} A}-g- 7}-^-fV sl- 

# °j^°ll^ ^-^ ^ &711 ^ ^HrtK 

<19> eV^, CS-RZ ^llt ^^*f7l ^Itr ^^l7l^ ^2:^ ^ 7J1<21 Sl}^- ^2:711- 

°l-§-*H=-31, % «i*fl Z}^ ^2:71^ NRZ ^o)^\S^ #A]Jr , ^- ^ 

^ ^271^ CS €^ ^3-8: ^*11 ^-§-^1^ , °1 ^ ^27H1 oj^s)^ RF ^IJr^ dl 

°13 ^d^^£2l i/2oll *H^Rr #§1 ^JIS J^Jf- ^2:710] ^(transfer function)^! 
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^ 3E«?lH(null point HI w> 0 l°1^a 2«fl^ ^(VHl «fl^-*>fe 3.71-1- ^-o.^ , o] 

#^ ^IJ:^ NRZ sfjr 5_v\]°) (optical domainHH ^ (mixing)=H CS-RZ ^1JL7> 5] 

<20> 71^ CS-RZ 4lJl» ^*>7l ^ ^-Jl ^g-£r cf^-uif ^-cf. 

<2i> 1. Yutaka MIYAMOTO, Kazushige YONENAGA, Akira HIRANO, Masahito TOMIZAWA, N x 

40-Gbit/s DWDM Transport System Using Novel Return-to-Zero Formats with Modulation 
Bandwidth Reduction, IEICE Tansactions on Communications, Feb. 2002, Vol.E85-B No. 2 
pp. 374-385 

<22> 2. Kiyoshi FUKUCHI , Kayato SEKIYA, Risato OHHIRA, Yutaka YAN0, Takashi 0N0, 

1.6-Tb/s (40x40 Gb/s) Dense WDM Transmission Experiment Over 480 km (6x80 km) Using 
Carrier-Suppressed Return-to-Zero Format, IEICE Tansactions on Communications, Feb. 
2002, Vol.E85-B No. 2 pp. 403-409 

<23> 3, Vassilieva, 0.; Hoshida, T. ; Choudhary, S. ; Castanon, G. ; Kuwahara, H., 

Numerical comparison of NRZ, CS-RZ and IM-DPSK formats in 43Gbit/s WDM transmission, 
Lasers and Electro-Optics Society, 2001. LEOS 2001. The 14th Annual Meeting of the IEEE 
, Volume: 2 , 2001, pp. 673 674 

<24> CS-RZ ^IJ^b «.^^°J- stimulated Brillouin scattering, SBS) , 7>7l ifltf 

€2:(self phase modulation, SPM) , ^S(cross phase modulation, XPM)-^ % 

^HMl 7j-tV 



16-7 



1020030017023 #^ «y*>: 2004/3/15 

<25> H31M-, #rfl3 o.S M-n- €-5H1fe J*^* SU^H ^8H3 i§7fl ^ 

^^Tfl S}^ ^^l^o] ^ ( SEtt £ H ti>sq- ^ol ; 7l^^ ^oflA-lfe CS-RZ *]Jl 

^ ^T^* ^*fl RZ c-flolEi^ ^sfl ^-7fl^ sq-?- ^2:71 (MZ)» 

^7flSl S]JjL ^27l(MZ) A>-g-^ ^A]7l^ cj7># ^o]^ ^J^-l- o>7l^>7fl &*fl^°l ol 

4. 

S]^- ^7)Q #7)*\ (mixer) ^ LPF» °l-g-«H CS-RZ ^]Jl» iH^Rr Afl5.£ #^Xl7l 
3 ^.Hl 5a°H, CS-RZ ^lS7> #JL 9X±= t^lif t^% v ^ ^ 

CS-RZ ^jOs. ^^l* 

<27> S.^^- ^*>7l W ■& CS-RZ %*\3L SM93r*lfe cflolE^ 

(Half Clock) ^151* sj^(mixing)^H €3£ ^ ^ (modulator input) ^S>fe *\*\ 
(Mixer); ^^^«-Ei *fl^ ^2 ^ HM^l- ^U^H ^ 

(band-limit ingH^ LPF; ^PJ^H , LPF» -f-*fl wjH. eHU^S 

cflolE-l» ^A]7l^ ^ #^7l; ^ ##7]ofl s^fl ^ ^}o]B\a\] tfls> 

<*| i£S7l<4 ^ ^ v| i°]H(null pointHl u}o)o]^ ^<y-g- 7 >*>^ °]^*V 

€^ ^^-o] CS-RZ ^>$*Kr ^S7lS i^Rr tr^f. 
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<29> £ 2^r £ ^ «fl <4€- CS-RZ #^1Jl 1)-^^: ^tt #*H1 tfl^ ^3E3.*1, #71 

Aljr Jf-yflSj RF -tlJll- ^^V^ ^^i(Mixer)(10)^-, *1^MHr ^ 

^^>* ^B^*Rr ^cfl^ ^ El (Low Pass Filter, LPF)(20)^, ^tfl^o.S ^ ^ttli* 

^*Rr ^ (driver amplif ier)(30)^-, CS-RZ ^1JL# *fl^*Hr ^ ^2:71(40)* 

oo> *H(mixer)(10)^- J£ 3<^1 w r sf ^o] f ^i(B)^ cIMe]^ oV 

CB/2>«fl sfl^Rr #^(Half Clock) ^ (mixing) S><3 ^2 <3 ^ (modulator 

input )^3. >M*r^ LPF(20H ^tr*}. 
<3i> s ( ci^l(io)^ eflo]^ "0"-& HHeI 0VS. S^^>J1, -^Jl^ 0V-1- y^IAS. 

tfl^o.^. i^KE^- 2^a]tJ oj^ cflolBl* LPF(20)<=H1 ^]^tri=f. 

<32> LPF(20)tt HiA](io)S.^-Ei °] Ei # ^^MK* tfl <* O.S. y o3 

— 3*1^ (band-limiting)^ ^ #^71(30)^1 ^-^cK ^H, ^H— # 
#°1^>H CS-RZ tfl^# o] rfl<*3- t±X\ 

<33> ^ ^71(30)^ El>H(10)S.^-El , LPF(20)» f-*fl ^2= ^2 o g ^ 

ell °1 &l » feE|3 ^o]E| "0"^ OV^l &o) §}n} , ^e)^ c-flo]Ei dVit^ 

«H ^Jf ^S7l(40)^l 
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<34> <qj=L ^2:71(40)^ ^ ^7)(30)o\] ^ ^ ^ ^ c ] B\ °\] cfl^ ^ «- ^ 

2^7)9] ^ ^ ^ X^BCnull point H SLS.^ ^Ho^ ^l<y-g- 7H><^ Sl^tb ^ 
CS-RZ ^IJlI- ^Stb^. 

<35> £ 4^ £ 2*1] £)*fl ^3^1 CS-RZ ^- ^B^^r 6>o] cfojo^nsfl^- s.X\ 

tr t^S, i 4a^ x^7}^ «H= ^(electrical band-1 imit ing)°l £ 4b^ 

LPFS] cfl^^ol iB(B-40 Gbit/s)^ ^-f^M, 5. 4ctt LPF^l tfl^^l o.75B*l ^<>1^, £ 
4d^r LPF9] cfl^^ol o.5B°J 7§^-°)^. ^, ^rfl« €^ tfle^ol #<H*^>M ^JL^ ^ 

*IH, i^EBj cfl<*]S- #4^r ^<HH ^-AV ^-g-^M: ^7H?1^ ^.olo] 5)^ 

<36> =L^\H, £ 5tt t^^) *r-g. 7^<*] ^ofl o]^ CS-RZ -g-^ #^1JL 

^Eig o] Cfl^^^ cfl§V £Oj Ajlg 7J54 S^olc}. ^, CS-RZ 1±3L2] #3^ti7l ^ <5fl 

o1a o >^o] hJ^^. AV-g-^ji, ^tfl^ ^BlS-A-] 4 *> Hfl^(Bessel) ^R-^H, i£tr 

^ WDM 3*r 7R- ^(Gaussian) cfl^ €^ (bandpass filter)!- ^-g^tf. 

<37> ^4 ^-ol ; T^-* ^E^7> ^-f^ S]-g-*H yl^fl LFP(20)» 

^ tfl^^o] #^2=^ ^ ^o.^ t #A]jr^ tfl^o] #o] = ^ 

<38> LFP(20)^ l^^^ol ^ °l«HM*r ^-A> s-^ol f^JEl^r # ^ & 

tt31, ^l^^r £ 6°fl cfl<*-3-ofl n}^ CS-RZ ^13:^ s)-^ 5l]^E](power 

penalty)^ d >°l tHo^'ilH] tfltr S.^ £^54 ^-o] ; LFP(20)^1 ^t!" ^15: sfl^- 
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cr| LPF(20)« ^^H 0 ) ^j-Cf. 

ol^-cflAi w>^- ^-o], ^-^o. «qj=L ^^7l2f ^71^ (mixer) 3? 

LPF» °l-g-«H CS-RZ -tfSl-g- iH^Rr ^flS-gr #^]7l£] ^ofl ojo^, CS-RZ ^}JL7> ^ZL 

Slfe ^H33 f^llt ^741 £ ^r&jl- ^7)1 ^ ^ 9X^. =L 

elJi, CS-RZ ^*fl RZ ^Is^ ^aj- r%o]T%<*\ ^*fl ^ 7fls1 9}*- 
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1] 

c-flolEifij- #e}(Half Clock) sJ^(mixing)^H ^ ^ (modulator input) 

£.3. >$^*rfe (Mixer); 

-8-71 ^HS^E] *|)^ ^ C-flojE-ll- tfl<*jO_sL ^E^H 3*1^ 

(band-limiting)*]?!^ ^rfl^ ^E|(LPF); 
Ell- ^ ^71; 

^ X<yB(null point HI ±5.^ v}o)o]^ ^<^-# 7}sH sl^S] ^^o] e^s)^- #H 

(Carrier Suppressed - Return-to-Zero, CS-RZ) t^§>^ ^1 «- ^S7l# i*r§> 

tt ^-^^-S. ^ CS-RZ IH^I. 

[^^* 2] 

*n i ^Hl 5fl<>W, 

A o V 7l feE)3 tiHE| " 0 "» Ufl Ol Ei 0VS. S> Jl , AUL^r 0V# tfl 

^<5}JE^- 2i^X\7}±r 3* ^ CS-RZ #4lJL IHI^I . 

3] 

^ 1 %H1 SU^H, 
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^7) «fl= ejnl^^- x\s_°) #£~£r #<>1^ a o v 7 ] CS-RZ ^IJ:^ iS]B| nfl^^-g- 

^ CS-RZ ^HS. 1^3 
4] 

l 9X°}*\, 

^ ^^-71^ t\}o]B\ "0"^r 0V^ ^e]^ c-flojE^ 

#ic^ #-S-*Rr ^-^o S ^ CS-RZ #41 Jl iH^l . 

5] 

*ll 1 *cMl 5^1, 

A oM LPF^r ^Jl^ ^5:^ ^ ^^-g- £2.^ *i7l3 

Si -if-^JlS. HrKr CS-RZ ^3^1. 
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[51 6] 
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